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First Heart Sound in Ebstein's Anomaly: Observations on the Cause of
Wide Splitting by Echophonocardiographic Studies Before and After
Operative Repair
PARK W, WILLIS IV, MD, ERNEST CRAIGE, MD, FACC
Chapel Hill, North Carolina
Preoperative echophonocardiographic study of a 31 year
old woman with Ebstein's anomaly and an atrial septal
defect showed wide splitting of the first heart sound with
an interval of 0.08 second between mitral valve and tri-
cuspid valve closure. After plication of the anterior tri-
cuspid leaflet and anuloplasty, the mitral and tricuspid
valves closed at the same time and there was a single
In 1866. Wilhelm Ebstein (I) described a congenital mal-
formation of the tricuspid valve that is now widely recog-
nized as Ebstein's anomaly, He argued that the malformed,
incompetent tricuspid valve could not have contributed to
the first heart sound. Since that time. the characteristics of
the first heart sound in Ebstein's anomaly have been a sub-
ject of clinical interest and investigation,
A number of investigators (2,3) documented wide split-
ting of the first heart sound in patients with Ebstein's anom-
aly and this finding is now recognized as an important aus-
cultatory sign of this uncommon malformation of the tri-
cuspid valve. Echophonocardiographic studies of patients
with Ebstein's anomaly showed that the mitial high fre-
quency component of the split first heart sound coincided
with mitral valve closure and the second component oc-
curred at the time of delayed closure of the large anterior
tricuspid valve leaflet (4). Most authors (2-5) related de-
layed tricuspid valve closure in Ebstein's anomaly to as-
sociated right bundle branch block or sluggish right ven-
tricular contraction. However, serial echophonocardiographic
studies in a patient with Ebstem's anomaly who underwent
tricuspid valve plication and anuloplasty suggested to us
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first heart sound. These findings suggest that delayed
tricuspid valve closure in Ebstein's anomaly is due to
the abnormally large size and increased excursion of the
anterior tricuspid leaflet rather than associated right
bundle branch block or sluggish right ventricular
contraction.
that delayed tricuspid valve closure was caused by the ab-
normally large size and increased excursion of the anterior
tricuspid leaflet.
Case Report
A 31 year old woman was referred to the North Carolina
Memorial Hospital for cardiac catheterization in October
1978, Mild cyanosis and decreased exercise tolerance had
been noticed since childhood, During her first pregnancy,
at age 19 years, a heart murmur was detected. Five years
later. during her second pregnancy, she had intermittent
episodes of rapid, regular palpitation lasting for 2 to 4 hours
that were accompanied by a sensation of lightheadedness.
An acute episode of worsened cyanosis and shortness of
breath, associated with paroxysmal supraventricular tachy-
cardia, prompted further investigation and cardiac cathe-
terization in 1971, She was mildly cyanotic and the partial
pressure of oxygen (Po2 ) was 61 mm Hg. After breathing
100% oxygen for 20 minutes the P02 increased to 245 mm
Hg. Angiocardiography confirmed the presence of a right
to left shunt at the atrial level and an atrial septal defect
was diagnosed,
She was treated with digoxin and quinidine to control
symptoms of cardiac arrhythmia. However, during the 12
months before admission to the North Carolina Memorial
Hospital. she noticed progressively severe dyspnea on ex-
ertion. On admission she recalled that between 1966 and
1977, she had experienced four episodes of transient hem-
iparesis that lasted 15 minutes to 3 hours.
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Figure1. Preoperativeelectrocardiogram showing
normal sinus rhythm, a mean frontal plane axis of
+ 90°, prolonged PR interval , right atrial enlarge-
ment and an incomplete right bundle branch block
pattern with QR5 duration of 0.10 second.
Physical findings. Physical exmination showed mild
central cyanosis. The blood pressure was 120/86 mm Hg.
The heart rate was 88 beats/min and regular. Respirations
were normal. The lungs were clear to percussion and aus-
cultation. Jugular venous and carotid pulses were normal.
A prominent, but nonsustained, right ventricular impulse
Figure 2. Preoperative dual M-mode cchophonocardiographic study
recorded at 100 mm/s paper speed showing wide splitting of the
first heart sound. The tricuspid component of the first heart sound
(Til and tricuspid valve closure byechogram (TVE) occurred 0.08
second after the mitral component of the first heart sound (M.)
and mitral valve closure on the echogram (MVE). ECG = elec-
trocardiogram; PCG-PA = phonocardiogram at pulmonary valve
area; 52 = second heart sound; 54 = fourth heart sound.
was palpable in the second and third intercoastal spaces at
the left sternal edge. The apical impulse was normal. The
first heart sound was widely split; there was physiologic
splitting of the second heart sound. A fourth heart sound
and grade 2/6 early systolic murmur were heard best at the
left sternal edge during inspiration. There was a high fre-
quency early diastolic sound at the left sternal edge and
mitral area. Abdominal examination results were negative.
There was no clubbing or edema.
Electrocardiogram. The 12 lead electrocardiogram (Fig.
I) showed a mean frontal plane axis of + 90° and normal
sinus rhythm. The PR interval was 0.20 second and there
was an incomplete right bundle branch block pattern. The
QRS duration was 0.10 second.
Echophonocardiogram. A dual M-mode echophono-
cardiographic study recorded at 100 mrn/s speed (Fig. 2)
showedthat the initial high frequencycomponentof the first
heart sound was simultaneous with mitral valve closure.
Tricuspid valve closure occurred 0.08 second later. The
right ventricle appeared dilated. The tricuspid valve echo
was easily recorded and the large anterior tricuspid valve
leaflet showed a wide excursion.
Cardiac catheterization. The mean right atrial pressure
was 4 mm Hg. The right ventricular and pulmonary artery
pressures were 16/3 and 16/6 mm Hg, respectively. There
was arterial desaturation (89.5 %) at rest and no evidence
of a left to right shunt by oximetry. The indocyanine green
curve showed early appearance of indicator in the systemic
circulation characteristic of a right to left shunt at the atrial
level. The POz was 56 mm Hg increasing to 285 mm Hg
after 15 minutes of breathing 100% oxygen by face mask.
The right ventricularto right atrial catheter pullbackshowed
a right atrial pressure curve with a simultaneous ventricular
electrogram.
Pulmonary angiography showed normal pulmonary vas-
culature and right to left shunting at the atrial level during
the levophase. The right ventricular angiogramshowed right
ventricular enlargement and sluggish right ventricular con-
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Figure3. Postoperative electrocardiogram show-
ing normal sinus rhythm and complete right bun-
dle branch block with QRS duration of 0.14
second.
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Figure 4. Postoperative echophonocardiographic study recorded
at 100 mmls paper speed showing a single first heart sound (S,)
with simultaneous closure of the tricuspid valve and mitral valve
byechogram. A2 = aortic component of the second heart sound;
as = tricuspid opening snap; P2 = pulmonary component of the
second heart sound; PCG-LSE = phonocardiogram at left sternal
edge; other abbreviations as in Figure 2.
the intraventricular conductiondisturbance was more severe
postoperatively than it had been before surgery, but tricuspid
valve closure was not delayed after operation. This is strong
evidencethat delayed tricuspidvalve closure and wide split-
ting of the first heart sound were not caused by right bundle
branch block.
Right ventricular dysfunction. It has been suggested that
sluggish right ventricular contraction is responsible for de-
layed tricuspid valve closure in Ebstein's anomaly (2) and
right ventricular dysfunction may be caused by ineffectual
or paradoxical contraction in the segment of atrialized ven-
tricle (6,7). Although there has been speculation that right
Discussion
Serial echophonocardiographic studies of this young
woman with Ebstein's anomaly showed that a widely split
first heart sound became single when mitral valve and tri-
cuspid valve closure, initially separated by 0.08 second,
occurred at the same time after tricuspid valve plicationand
anuloplasty. We believe that this change resulted from re-
ducedsize anddiminishedexcursionof the anteriortricuspid
leaflet after operation.
Mechanisms of delayed tricuspid valve closure and
split first heart sound. Right bundle branch block. Several
authors (2-5) related delayed tricuspid valve closure in Eb-
stein's anomalyto right bundle branch block. In this patient
traction. The right atrial angiogram showed a large right
atriumwithdisplacedtricuspidvalve and an interatrial com-
munication with right to left shunting. The pulmonary to
systemic flow ratio was 0.69.
Surgical repair. In May 1979, the patient underwent
surgical repair of Ebstein's anomaly as described by Dan-
ielson et al. (6). This operation consisted of suture closure
of the atrial septal defect, plication of the anterior tricuspid
leaflet and atrialized portion of the right ventricle and pos-
terior tricuspid anuloplasty. Her recovery was uneventful
and she has returned to full time employment.
Follow-up. An electrocardiogram made 1 year after op-
eration (Fig. 3) showedcompleteright bundle branch block.
The QRS interval, which had been 0.10 second preopera-
tively, increased to 0.14 second postoperatively.
The postoperative echophonocardiographic study re-
corded at 100 mm/s paper speed (Fig. 4) showed that the
mitral and tricuspidvalvesclosed at the same time and there
was a single first heart sound. Both pre- and postoperative
phonocardiograms recorded a high frequency signal 0.06
second after mitral valve closure. This could have been
misinterpreted to representsplittingof the first sound. How-
ever, the postoperative echophonocardiographic study (Fig.
5) showed that this sound coincided with maximal aortic
valve opening, characteristic of an aortic ejection sound.
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Figure 5. Postoperat ive echophonocardiographic study recorded
at 100 mrn/s paper speed showing a high frequency sound (X)
occurring 0,06 second after the first heart sound (Sj) , Also present
on the preoperative study, this sound was coincident with maximal
aortic valve opening on the aortic valve echogram (AVEl , char-
acteristic of an aortic ejecti on sound . Abbreviations as in Figures
2 and 4.
ventricular function may improveafter plicationof the atrial-
ized ventricular segment this has not been demonstrated
objectively (6,8), In our patient right ventricular contraction
appeared sluggish by preoperative angiography. We do not
have a postoperative right ventricular angiogram but after
surgery the chest X-ray films showed no change in heart
size, the M-mode echocardiographic right ventricular di-
mension did not change and maximal treadmill exercise
capacity was not increased significantly. The available data
do not show evidence of improved right ventricular function
after operation and it seems unlikely that the marked change
in splitting of the first heart sound after operation was caused
by increased right ventricular contractility.
Atrial septal def ect , Our patient also had an atrial septal
defect. Wide splitting of the first heart sound is a common
find ing in atrial septal defect. Delayed tricuspid valve clo-
sure is usually attributed to right bundle branch block and
left to right shunt at the atrial level resulting in increased
volume of flow across the tricuspid valve. However, in our
patient the atrial shunt was right to left and closure of the
atrial septal defect should have prolonged the interval be-
tween mitral valve closure and tricuspid valve closure.
Large size and increased excursion of anterior tricuspid
leaflet . We believe that the findings in this case suggest
that delayed tricuspid valve closure and wide splitting of
the first heart sound in Ebstein's anomaly are caused by the
abnormally large size and increased excursion of the anterior
tricuspid valve leaflet, which requires more time than a
normal leaflet to reach a tense, fully closed position. In our
patient, plication of the large anterior tricuspid valve leaflet
reduced its size, resulting in earlier tricuspid valve closure
and a single, rather than widely split, first heart sound. This
occurred despite complete right bundle branch block, with
an increase in QRS interval from 0. 10 to 0.14 second after
operation. and closure of an atrial septal defect, which should
have caused further delay of tricuspid valve closure.
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